Sentinel lymph node (SLN) biopsy is a part of the staging procedure in breast cancer patients. Intraoperative molecular analysis for SLN metastases using the one-step nucleic acid amplification (OSNA) method based on reverse-transcription loop-mediated amplification (RT-LAMP) has already been validated in breast cancer. In this study, we compare the intraoperative OSNA method to our routine histological investigation. To evaluate the performance of OSNA in comparison to histology, analysis of 74 SLN from 60 breast cancer patients was conducted with both methods. Of the 22 histologically positive samples, 14 were attributed to macrometastases (++) in the OSNA-CK19 assay and 8 to micrometastases (+). Two samples negative in histopathology were positive in the OSNA method (micrometastases +). Our results show that OSNA is an excellent method for the detection of metastases in lymph nodes and can be applied as an intraoperative diagnostic approach. Intraoperative molecular analysis for SLN metastases using the OSNA method reduces the number of admission days and duration of surgery. To our knowledge this is the first study referring to Polish women.
Introduction
Breast cancer is the most common cancer in women worldwide. The risk of breast cancer increases with age, family cancer history, unusual hormonal and reproductive factors, unhealthy lifestyle and many other factors [1] .
Sentinel lymph node (SLN) biopsy has recently become a conventional standard surgical method in the treatment of breast cancer patients [2] . Sentinel node (SN) is defined as the first lymph node which receives lymphatic drainage from the primary tumour.
The literature data suggest the utility of novel molecular analysis: reverse-transcription loop-mediated amplification (RT-LAMP) -one-step nucleic acid amplification (OSNA) assay for the detection of metastatic deposits in lymph nodes of breast cancer patients [3] .
This molecular diagnostic assay detects the expression level of cytokeratin 19 (CK19). Cytokeratin 19 mRNA is a suitable marker for identifying breast cancer deposits in lymph nodes because virtually all breast cancers express this cytoskeleton protein [4] .
Cytokeratins (CKs) constitute the largest intermediate filament protein subgroup and represent a multigene family with more than 20 different types of polypeptides that are divided into acidic type I (CK9-CK20) and basic type II (CK1-CK8) keratins [5] .
Due to its high sensitivity, CK19 is the most frequently used marker for the RT-PCR-mediated detection of tumour cells disseminated in lymph nodes, peripheral blood, and bone marrow of breast cancer patients [5] .
In recent studies performed in Japan and Western Europe OSNA analysis has been found to be a potentially valuable intraoperative method for the detection of lymph node metastases in patients with colorectal and breast cancer [6] [7] [8] [9] [10] .
In the present study, we compared an intraoperative method, one step nucleic acid amplification (OSNA), to our routine histological investigation.
Material and methods

Patients
An intraoperative clinical study was conducted from May 2011 to January 2012 at the Institute of Polish Mothers Memorial Hospital, Lodz, Poland. In total, 74 SLN samples from 60 patients were analysed by OSNA assay and routine histopathology examination. In the histopathological examination macrometastasis and micrometastasis were defined according to the TNM classification.
The pathological features of the patients are summarized in Table I . Histopathological examination detected the following types of breast cancer: ductal carcinoma in situ in 4/60 (6.6%), invasive ductal carcinoma in 50/60 (83.3%), invasive lobular carcinoma in 3/60 (5%), mucinous carcinoma in 2/60 (3.3%) and other in 1/60 (1.7%). Based on the Bloom-Richardson grading scale, grade I was observed in 18/60 (36%), II in 27/60 (54%), and III in 5/60 (10%).
Sentinel lymph node processing
A central slice of 1 mm was removed with a dedicated cutting device provided by SYSMEX and afterwards was fixed and embedded in paraffin for further histopathological examination based on HE staining (Fig. 1) . The two other parts of the sentinel node were analysed in one reaction intraoperatively and the results were addressed to the surgeon within 30 to 40 minutes. In our study lymph nodes were simply homogenised in a special homogenising reagent, Lynorhag, pH 3.5 (Sysmex, Kobe, Japan). The liquid phase was taken and inserted in the RD-100i, which automatically performs pipetting, amplification, and detection.
The one step nucleic acid amplification method
RT-LAMP reaction was carried out with the readyto-use Lynoamp kit (Sysmex, Kobe, Japan) on the RD-100i (Sysmex, Kobe, Japan) according to the manufacturer's instructions. According to the manufacturer's specifications (Sysmex), copy numbers between 250 and 5000 copies/µl were designated as (+), copy numbers higher than 5000 copies/µl as (++), and copy numbers lower than 250 copies/µl as (-). The total time required from the preparation of the lymph node until results are displayed is about 30 minutes for one lymph node and about 40 minutes for four lymph nodes.
Results
In the present study 74 SLN samples from 60 patients with breast cancer were investigated by both OSNA and HE based methods. The OSNA results were classified as negative (< 250 copies/µl), micrometastases (from ≥ 250 to < 5000 copies/µl), or macrometastases (≥ 5000 copies/µl). Table II shows OSNA results. Fourteen out of 74 samples contained a macrometastasis, expressing more than 5000 CK19 mRNA copies/µl (++), 10 out of 74 contained a micrometastasis, expressing between 250 and 5000 CK19 mRNA copies/µl (+). Fifty samples were classified as negative (< 250 copies/µl).
The OSNA method identified 24 SLN positive and 50 negative cases and histopathological methods 22 positive and 52 negative samples. We found 2 discordant cases, 2 OSNA positive for micrometastases but HE negative (Table III) . These discordances could be due to sampling bias such that a micrometastasis was confined to the slices used for OSNA or the slices used for HE staining.
Discussion
In the present study, we determined macrometastasis, micrometastasis and non-metastasis by measuring CK19 mRNA in histopathologically positive and negative lymph nodes using one-step nucleic acid amplification (OSNA). Our analysis by OSNA method is the first report in Poland.
The SLN metastasis is generally detected by conventional techniques such as intraoperative HE-based histopathological examination of frozen sections or cytological observation of touch imprints [11] .
However, the sensitivity of these methods is not high. A recent study on the Japan and European populations documented that OSNA-CK19 may be a rapid intraoperative method for the detection of lymph node metastases in patients with gastric [12] , colorectal [6, 7] and breast cancer [10, 13, 14] .
These results indicate that the performance of the OSNA assay is better than that of one-and two-level CK19 immunohistochemistry-based histopathologies and almost equivalent to three-level CK19 immunohistochemistry-based histopathology [6, 7, 10, [12] [13] [14] .
In our work, a novel OSNA-CK19 method was compared to HE staining examination on 74 SLN of 60 breast cancer patients. Of the 22 histologically positive samples, 14 were attributed to macrometastases (++) in the OSNA-CK19 assay and 8 to micrometastases (+). Two samples negative in histopathology were positive in the OSNA method. In conclusion, the high sensitivity and specificity and the short analysis time (45 minutes) make OSNA-CK19 the method of choice for rapid assessment of lymph node metastases in breast cancer patients.
Our results are in line with the data from other reports, introducing a utility role of OSNA. Finally, it is postulated that OSNA may be used as an attractive intraoperative tool for the detection of lymph node metastases in breast cancer patients. Further studies, conducted on a larger group, are suggested to clarify this point.
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